Seven polyphenols were isolated from leaves of New Zealand boysenberry. On the basis of spectroscopic analysis, the structures of these compounds were elucidated to be quercetin
Introduction
Boysenberry is a fruit that may contain an innovative functional ingredient. Though relatively unknown in Japan compared to blueberry or raspberry, its consumption is common in parts of the USA and Europe. Boysenberry (Rubus loganbaccusῌbaileyanus Britt) is a trailing cranberry or bramble, which is a hybrid cross between a loganberry and a blackberry. Currently, over half of the world's production of boysenberry is cultivated in New Zealand. It is extensively used as a raw material in processed foodstu#s because of its unique taste, color and high health benefit perception.
As the consumption and awareness of boysenberries have increased, especially in America, Europe, and more recently in Japan, we have investigated its physiological functions. We have already reported that the anthocyanin fraction prepared from boysenberry fruits had a positive action in the relief of D-galactosamine-induced liver injury in rats. It also works to suppress the progress of diabetes and oxidative stress involved in streptozotscin-induced diabetic rats (Igarashi et al. , ,**. ; Sugimoto et al., ,**-). We have also reported that cyanidin --Oglucoside, cyanidin --O-diglucoside and cyanidin --Orutinosylglucoside, were present as major anthocyanins in boysenberries, and had strong superoxide anion radical scavenging activities when measured by electron spin resonance (ESR) equipment (Sugimoto et al., ,**/) .
To date, the potential utilization of boysenberry leaves or the physiological functions of its polyphenols have scarcely been investigated. On the other hand, it is known that the leaves of the raspberry, also within the Rubus genus, contain polyphenols ; and that some polyphenols contained in tea and herbs, are e#ective in preventing liver injury (Wada et al., ,*** ; Murakami et al., ,**.). Therefore, it is of great interest to identify the major polyphenols contained in New Zealand boysenberry leaves, and to investigate their physiological functions.
This study reports on the isolation and identification of the major polyphenols found in boysenberry leaves, and the suppressive e#ects of the polyphenol fraction and ellagic acid as a component of the polyphenol fraction against carbon tetrachloride (CCl.)-induced liver injury in mice.
Materials and Methods
Preparation of polyphenol fraction Freeze dried samples of boysenberry leaves, collected from grower farms in the Nelson region of New Zealand in ,**-, were used for the extraction of polyphenols with hot methanol (MeOH). The MeOH extracts were concentrated under reduced pressure to the appropriate volume, and then mixed with chloroform and H,O at a volume ratio of + : + : ,. After shaking in a separatory funnel, chlorophyll which migrated to the chloroform layer was removed. The aqueous MeOH layer (upper layer) was evaporated to remove MeOH, and then passed through a Diaion HP-,* resin (Mitsubishi Kasei, Co, Ltd, Tokyo, Japan) column, after which the column was washed with distilled water. Polyphenols adsorbed on the Diaion resin were eluted with /*ῌ and +**ῌ MeOH, successively. The +**ῌ MeOH eluate was added with appropriate amounts of distilled water, freeze dried after removal of MeOH under reduced pressure, and used as the polyphenol fraction ῍ To whom correspondence should be addressed. E-mail : igarashi@tds+.tr.yamagata-u.ac.jp Food Sci. Technol. Res., +, (+), -+ῌ-1, ,**0 (PolyP).
For the isolation of major polyphenols, the mixture of /*ῌ and +**ῌ MeOH eluates from the Diaion column were concentrated and fractionated by silica gel column chromatography using a mixture of chloroform and MeOH (volume ratio 3 : +) as a developing solvent. Fractions containing the major polyphenols were further separately fractionated by Sephadex LH-,* column chromatography with MeOH. Polyphenols in the respective fractions were detected by spraying +,+-diphenyl-, -picrylhydrazyl (DPPH) radical reagent in MeOH on a silica gel TLC plate developed with a mixture of ethyl acetate, chloroform, 22ῌ formic acid, and H,O (volume ratio +3 : + : + : +). Major polyphenols in each fraction were further purified by preparative HPLC on a Develosil C--* UG-/ column (,* i.d.ῌ,/* mm, Nomura Chemical Co. Ltd., Seto, Japan). A linear gradient of *-+**ῌ of solvent B (.*ῌ acetonitrile) in solvent A (/ῌ acetonitrile in +ῌ acetic acid) was used over +2* min at a flow rate of ,.* ml/ min. Fractions containing polyphenols in an almost purified state were left at +*ῌ,*῎ to crystallize the compounds +, ,, -, /, 0, and 1. These compounds corresponded to peaks +, ,, -, /, 0, and 1 on HPLC chromatogram, respectively, when coinjected with MeOH extracts on HPLC using a column of Develosil RPAQUEOUS (..0 i.d.ῌ
,/* mm, Nomura Chemical Co. Ltd.) (Fig. +) . The elution conditions used here were same as in the preparative HPLC, with the exception of the flow rate which was fixed at *.2 ml/min. Compound . corresponding to peak . was crystallized by using a mixture of MeOH and H,O from a (+ῌ1) were isolated, and identified by spectral analyses. Compounds corresponding to a-e showed UV spectra characteristics to cinnamic acid-related compounds. Peak d was identified as chlorogenic acid by co-injection with an authentic sample. Column, Develosil RPAQUEOUS (..0 i.d.ῌ,/* mm, Nomura Chemical Co., Seto-shi, Aiichi). Developed, using a linear gradient of *-+**ῌ of solvent B (.*ῌ acetonitrile) in solvent A (/ῌ acetonitrile in +ῌ acetic acid) over the course of +2* min at a flow rate of *.2 ml/min. Detection, at -,* nm. Trivial name of each compound corresponding to each peak number on HPLC chromatogram (A), and its abbreviation shown in the latter parenthesis are as follows.
fraction obtained by silica gel column chromatography as described above. Nuclear magnetic resonance (NMR) spectrum was recorded on a JNM-EX .**FT-NMR spectrometer (JEOL, Tokyo, Japan) using dimethylsulfoxide-d0 (DMSO-d0) as the solvent. Electrospray ionization mass spectrum (ESI-MS) in negative mode was recorded on a Zabspec Q instrument (Micromass Ltd., Manchester, UK).
Determination of polyphenol content ,** mg freezedried boysenberry leaves were extracted with MeOH at ,2 ῌ-*ῑ for ,. h, followed by filtration with a DISMIC-+-CP filter (*./ mm, ADAVANTEC, Tokyo). An aliquot of the filtrate was analyzed by HPLC using the same column and elution conditions as described above for HPLC which used the RPAQUEOUS column. Isolated flavonoids and commercial ellagic acid were used as standard compounds for quantification.
Measurement of DPPH radical scavenging activity The DPPH radical scavenging activity of each compound was measured according to the method of Suda (,***), with slight modification, and expressed as a Trolox equivalent. A /*ῌ ethanol solution containing each compound was mixed with a DPPH solution (.** mM in ethanol) and a *., M ,-morpholinoethanesulphonic acid (MES) bu#er (pH 0.*) at a ratio of + : + : +. The absorbance of the mixture at /,* nm was measured ,* min after the mixing. A standard curve was prepared using Trolox.
Animal experiment Male ddY strain 2 weeks old mice, each weighing about -2 g, were purchased from Shizuoka Laboratory Animal Center (Hamamatsu, Japan), and fed a commercial diet (F-,, Funahashi Farms, Funahashi, Japan) for , days before being used in the experiment. The mice were kept under controlled conditions with a +, h light/dark cycle (0 : **ῌ+2 : **), at a temperature range of ,,ῌ,.ῑ, and a relative humidity of .*ῌ 0*ῌ.
After feeding the mice a basal diet (casein ,*ῌ, acornstarch/sucrose῎, : 0/./ῌ, corn oil /ῌ, mineral mixture (AIN-3-G-MX) -./ῌ, vitamin mixture (AIN-3--VX) +.*ῌ) for , days, the mice were divided into -groups : +, control group-/ mice ; ,, CCl.-treated group (CCl. group)-2 mice ; and -, CCl. plus PolyP-treated group (PolyP group)-1 mice. All mice were deprived of the basal diet for 2 h before each treatment.
The mice for CCl. and PolyP groups were orally given a *.+ ml of *./ῌ carboxymethyl cellulose (sodium salt) solution and that with ,* mg of PolyP, respectively, -* min before the intraperitoneral injection of 0* ml of CCl. solution, composed of olive oil and CCl. at a volume ratio of + : +. The mice in the control group were treated in the same way as those in the CCl. group, with the exception of only -* ml olive oil being given intraperitoneally. Blood was collected via heart puncture under anesthesia with Nembutal (Dai Nippon Pharmaceutical Co, Ltd, Japan) at ,, h after the injection of CCl. solution or olive oil. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities in the plasma, prepared by centrifuging the blood at +***῍g for +/ min, were measured by using kits designated for the GOT-UV test and GPT-UV test, respectively (Wako Pure Chemical, Osaka, Japan). One unit of enzyme activity was defined as the amount of enzyme to transform + mmole substrate per min per liter (mmole/min/L) of plasma at ,/ῑ. The e#ects of ellagic acid on the plasma AST and ALT activities were also determined.
The mice were cared for according to the institutional guidelines of Yamagata University.
Statistical analysis Values are given as the mean of standard errors. Di#erences between groups were determined by Duncan's multiple range test (Duncan, +3/1) following a one way analysis of variance (ANOVA). Significant di#erences between mean values were inspected at the p῏*.*/ level.
Results and Discussion
Identification of each compound ESI-MS of compounds +, ,, -, /, 0, and 1 showed pseudo molecular ions ([MῌH] ῌ ) at m/z .0-, .11, .--, .0+, .+1, and /3-; and fragment ions at m/z -**, -*+, -**, ,2/, ,2/, and ,2/, which corresponded to the aglycone moiety of each compound. Fragment ions at m/z -** in compounds + and -, m/z -*+ in compound ,, and m/z ,2/ in compounds /, 0, and 1 indicated that compounds +, ,, and -had the quercetin moiety as the aglycone in their chemical structures, and that compounds /, 0, and 1 had the kaempferol moiety as the aglycone in their chemical structures.
As shown in Table + , chemical shifts in +-C-NMR spectra of compounds +, -, and 1 showed good agreement with literature values for quercetin --O-glucoside, quercetin --O-arabinoside, and kaempferol --O-(0ῐ-O-p-coumaroyl)-glucoside, respectively (Markham and Mohan, +32, ) .
The +-C-NMR spectrum data for compounds ,, /, and 0 were unavailable. Identification of these compounds was carried out as follows.
Chemical shifts for compound , in
+-
C-NMR spectrum were very similar to those of quercetin --O-glucuronide measured in methanol-d. (Parejo et al., ,**.) , except that all the chemical shifts measured in DMSO-d0 showed slightly higher field shifts (d+ῌ. ppm). This result suggests that compound , is quercetin --O-glucuronide. The presence of quercetin and glucuronic acid moieties in compound , was supported by the MS spectrum with a pseudo molecular ion ([MῌH] ῌ ) at m/z .11 and a fragment ion at m/z -*+ due to quercetin moiety. In the HMBC spectrum, a proton at d /..3 (+ H, d, J῎2.-Hz) in compound , showed a cross peak with a carbon signal at d +--.*, (C--), indicating that a sugar moiety with an anomeric proton at d /..3 is attached to the C--position of quercetin via the +ῐ-hydroxyl group (Fig. ,) . On the basis of this evidence, compound , was identified as quercetin --Oglucuronide.
Chemical shifts of compound / in its +-C-NMR spectra were very similar to those of quercetin --O-glucuronide (compound ,), except that the chemical shifts due to the aglycone moiety are replaced by those of the kaempferol moiety of kaempferol --O-(0ῐ-O-p-coumaroyl)-glucoside (compound 1), indicating that compound / was kaempferol The Suppressive E#ect of Polyphenols Obtained in Boysenberry Leaves on Liver Injury
Chemical shifts of compound 0 in its +-C-NMR spectrum were in good agreement with those of quercetin --Oarabinoside (compound -), except that the chemical shifts due to the aglycone moiety are replaced by those of the kaempferol moiety of kaempferol --O-(0῍-O-p-coumaroyl)-glucoside (compound 1), indicating that compound 0 was kaempferol --O-arabinoside.
Chemical shifts for compound . in +-C-NMR spectrum showed very good agreement with those of ellagic acid. The assignment of chemical shifts of compound . in +-C-NMR spectrum was carried out by referencing the literature (Kim et al., ,**+).
It has already been reported that quercetin --O-arabinoside and kaempferol --O-glucuronide are found in the leaves of Rubus idaeus L., quercetin --O-glucuronide and its methyl ester being in the leaves of Rubus coreanum L., and quercetin --O-glucoside, kaempferol --O-(0῍-O-p-coumaroyl)-glucoside (tiliroside), and ellagic acid being in leaves of Rubus caesius (blackberry) (Wojcik, +323 ; Gudej and Tomczyk, ,**.). All of them are the same genus as boysenberry (Rubus loganbaccusῌbaileyanus Britt) (Gudej and Rychlinska, +330 ; Kim et al., +331) . However, to the best of our knowledge, the isolation and identification of flavonoids (compounds +, ,, -, /, 0, and 1) from the leaves of the boysenberry has not been done before.
Polyphenol content and radical scavenging activity Table , shows contents of compounds isolated from boysenberry leaves. Among the isolated compounds, kaempferol --O-(0῍-O-p-coumaroyl)-glucoside was most abundant. When detected by a photodiode array detector, peaks a, b, c, d, and e on HPLC chromatogram (Fig. +) showed UV spectra characteristic of cinnamic acid-related compounds with an absorption maximum at -+*---* nm. This indicated that boysenberry leaves also contained cinnamic acid-related compounds in addition to flavonoids and ellagic acid. The HPLC chromatogram of PolyP was similar to that of the MeOH extract of leaves (Fig. +) , indicating that PolyP is composed of almost all of the polyphenols contained in leaves.
The DPPH radical scavenging activity of the isolated compounds, quercetin and kaempferol, are shown in Table   - . Quercetin --O-glucoside, --O-glucuronide, and --O-arabinoside showed stronger radical scavenging activity than that of kaempferol --O-glucuronide, --O-arabinoside, and --O-(0῍-O-p-coumaroyl)-glucoside. This suggests that flavonoids with quercetin as an aglycone are superior to those with kaempferol as an aglycone in radical scavenging activity. The stronger radical scavenging activity of quercetin and kaempferol, compared to those of their --O-glycoside, indicated that the hydroxyl group at the C--position is also involved in the radical scavenging activity as suggested by Joubert et al. (Joubert et al., ,**.) .
Although the content of ellagic acid in leaves was found to be less than those of isolated flavonoids, its DPPH radical scavenging was stronger than that of the isolated flavonoids and their aglycones ( Table -) . This result suggests that ellagic acid, if contained in the same amounts as those of flavonoids, contributes more strongly to the suppression of liver injury than the isolated flavonoids.
Suppression of liver injury Suppression of liver injury by boysenberry PolyP in mice with CCl.-induced liver injury is shown in Fig. - . By treatment of PolyP, increases in the plasma ALT and AST activities induced by CCl. were suppressed significantly and were in a tendency to be suppressed, respectively. This result indicates that boysenberry leaf polyphenols may be e#ective in mitigat- Table + . +-C-NMR spectra data for compounds isolated from boysenberry leaves (in DMSO-d0).
The Suppressive E#ect of Polyphenols Obtained in Boysenberry Leaves on Liver Injury ing liver injury. Since it is known that a trichloromethyl radical (῍Cl-) is produced from CCl. through the action of cytochrome P./* in hepatocyte microsome (Basnet et al., +330) , it may be reasonable to consider that radical scavenging activity of PolyP is strongly connected to the suppression of liver injury. Figure . shows the e#ects of ellagic acid (compound .) on increases in plasma AST and ALT activities observed in mice with CCl.-induced liver injury. Both plasma AST and ALT activities in mice with ellagic acid were suppressed (Ellag group vs. CCl. group in Fig. .) . This result indicates that ellagic acid is an active component of PolyP. However, since the amounts of ellagic acid present in PolyP was small, it is reasonable to consider that the mitigation of liver injury by PolyP was produced by the combined action of many flavonoids and cinnamic acid-related compounds observed in PolyP. This suppressive e#ect of ellagic acid on CCl.-induced liver injury has previously been reported (Suzuki et al., +33*). Although it was demonstrated that PolyP was e#ective in suppressing increases in plasma AST and ALT activities induced by CCl., it will be necessary in the future to determine which flavonoids in PolyP is most e#ective in suppressing liver injury.
